II-VI semiconductors, owing to the availability of a large variety of techniques to prepare it, the large number of structures and nanostructures in which it can be condensed, as well as the large and varied number of industrial applications [13] . ZnO has a wurtzite structure in which the oxygen atoms are arranged in a hexagonal-close-packed lattice with zinc atoms occupying half the tetrahedral sites. This is a very well known semiconductor with a wide band gap in the near ultraviolet of ~ 3.37 eV at room temperature [14] . Cadmium oxide (CdO) is also a well-known II-VI n-type semiconductor that has interesting properties for optoelectronic applications due to its large band gap, low electrical resistivity and high optical transmittance in the visible region of the solar spectrum [15] . It can be found in various types of nano structures with a variety of properties and applications such as UV and visible photoluminescence, photo catalysts and field emission, ambient temperature ferromagnetism and high electronic mobility [16] as well as photo detectors, solar cells, piezoelectric devices [17] . It has been well studied as a sensor material to detect most of the reducing gases [18] . CdO has a rock salt crystal structure with a direct band gap of 2.2 eV to 2.5 eV and indirect band gap of 1.98 eV, which makes it useful for a wide range of applications such as solar cells, photodiodes, and transparent electrodes and sensors [19] [20] [21] [22] [29] . In the present work we have done a comparative study of transports properties of ZnO-CdO thin films synthesis by sol-gel, magnetron sputtering and spray pyrolisis techniques.
Introduction
Recently the binary compositions of semiconductors attract researchers due to novel properties and different application like photovoltaic, photo catalytic, gas/humidity sensor etc. Binary nanocomposites such as CdO-ZnO, CdS-ZnS, ZnO-MgO, ZrO 2 -Y 2 O 3 , SnO 2 -TiO 2 and CdSe-CdS show very good stable transport properties and lead different electronic devices [1] [2] [3] [4] [5] [6] . CdO-ZnO nanocomposites have interesting properties for different applications. Morphological and optical properties of nanostructured Zn and Cd oxides mixture films have been previously studied [7, 8] and have established that the optical properties and the band gap of the mixture of both can be controlled by the oxides content ratio. In recent years, hetero structures of ZnO with metals or semiconductors have attracted much attention because of their enhanced optical and photo catalytic properties [9, 10] . Among the reported published articles, CdO-ZnO composites offer interesting properties, due to various defect present (e.g., vacancies (V o ) and interstitials (O i ) oxygen atoms; and Zn vacancies (V Zn ) and interstitials (Z ni ) zinc atoms), which increase the photoluminescence (PL) in different regions of the optical spectrum and, also increase the potential for optoelectronic applications [11, 12] . Zinc oxide is a
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In the present work, different methods of CdO-ZnO thin films prepared on the glass substrate were compared viz. magnetron sputtering; spray pyrolysis and sol-gel techniques. The structural, optical and electrical properties of CdO-ZnO thin films were analyzed for the suitability of the material in context of stability and device formation. Among these methods, sol-gel method is best to synthesize CdO-ZnO thin films due to its low cost, easy precursors, polycrystalline nature of thin films and good approximation with optical properties.
reproducibility and possibility of producing cheap large-area films. Different types of source compounds are continuously used by researchers like acetates, chlorides and nitrates of cadmium and zinc. Similarly respective solvent and stabilizers are also used for preparation of required solution. Spin coater was used for thin film deposition.
Ziabari and Ghodsi [30] Li et al [24] . Were used ZnAc and CdAc as source of Zn and Cd. 0.4 molarity solution was prepared using 2-methoxyethenol and MEA as solvent and stabilizer respectively? The molar ratio of MEA to zinc acetate was maintained at 1.0, and the concentration of zinc acetate was 0.4 M. Then Cd(CH 3 COO) 2 ·2H 2 O was added into the solution with the Cd/Zn nominal ratio of 0, 5, 10, 20 and 30 at.%. The solution was stirred at room temperature for more than 4 h in order to get a well-mixed precursor solution. The films were deposited with a spin coater at the rotating speed of 5000 rpm for 20 s. After each coating, the as deposited films were dried at 300 °C in air for 15 min to evaporate the organics.
Sputtering method
The magnetron sputtering is a widely used and versatile technique that allows us to monitor the growth by controlling relevant parameters like sputtering power and sputtering time, substrate temperature, ratio of sputtering gas, sputtering target, etc.
Kumar et al [32] . Prepared Cd doped ZnO thin films by dc magnetron sputtering at different wt. % (2, 4, 10) of Cd using respective targets of composition. The sputtering was started form base pressure 8 × 10 -6 mbar and distance between target and substrate was fixed 50 mm. Sui et al [28] . were synthesized Zn 1−x Cd x O films prepared on quartz substrates using mixture of oxygen and argon as sputtering gas by the direct current (dc) reactive magnetron sputtering. Sui et al [28] . Were used zinc cadmium alloys of 99.999% purity of varied proportion as sputtering targets? The vacuum chamber was evacuated to a base pressure of 5x10 -6 Pa, and then sputtering gases, high purity 40 sccm Oxygen (99.99%) and 20 sccm Ar (99.99%) were introduced with a constant total pressure about 5.0 Pa. The sputtering current and sputtering voltage were 150 mA and 400 V, respectively. The substrate temperature was held at 773 K during the films deposition and the deposition time was 60 min for all samples.
Spray pyrolysis
This is another widely used synthesis technique which has been continuously used by researchers. Instead of spin coating spray pyrolysis can be used for thin film preparation. Spray pyrolysis is being used for the preparation of a large number of undoped and doped simple and complex semiconducting oxide films. In this process chemical and thermal both reactions took place at the time of deposition which can enhance uniformity with very high growth rates.
Tarwal et al [33] . sprayed Cd doped ZnO thin films with low doping percentage (1-5%) on glass substrate using acetates as a source of cadmium and zinc. The distance spray nozzle to substrate was fixed 22 cm and solution spray rate 5cm 3 /min was maintained. Acharya et al [27] . 
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Structural Characterization
Several application of thin films demands good crystal quality, to conform the amorphous or crystalline nature and lattice parameters of the samples X-ray diffraction analysis (XRD) was done. Structural properties of CdO-ZnO thin films were carried out using XRD patterns where sharp peaks in spectra indicating crystal structure and hump indicating amorphous structure. The Scherrer's formula used to calculate grain size of nanostructure Ziabari and Ghodsi [30] give structural properties by XRD patterns of CdO-ZnO thin films of sol-gel method. XRD pattern studies were carried out in order to get an idea of the structural changes produced in CdO-ZnO films as a result of the increase of Cd content. It was found that the grain size increases from 20 to 34 nm, when Cd ratio increases. The results exhibit the presence of Cd and Zn peaks with Cd/Zn atomic percentage ratio of 0.17, 0.44 and 1.55 for volume ratio of Cd:Zn as 1/4:3/4, 1/2:1/2 and 3/4:1/4,respectively. G. Li et al [24] . reported stable hexagonal crystal structure for low Cd doped ZnO with grain size 40-50 nm. Kumar et al [32] . observed the XRD patterns of thin films of cadmium (0 wt.%, 2 wt.%, 4 wt.% and 10 wt.%) doped zinc oxide which has been deposited on a glass substrate by reactive DC magnetron sputtering [18] . The spectra exhibits only (002) peaks at around 2θ = 34.50 0 depending on the Cd content, which clearly indicates a single phase film having a structure of hexagonal wurtzite ZnO without any substantial formation of a separate Cd phase. The Full Width Half Maximum of the films decreased when the Cd concentration increased, hence indicating the enhancement in crystal quality. The grain size 41-53 nm increased with the increase of Cd concentration, but at higher Cd concentration (10 wt. %) it decreased slightly 40.70 nm.
Sui et al [28] . reported structural properties of CdO-ZnO nanocompopsite thin films. The samples with higher Zn ratio alloy thin films are of hexagonal wurtzite structures and highly (2) Comparative Study of Synthesis of CdO-ZnO Nanocomposite Thin Films by Different Methods: A Review Copyright: © 2016 Rajput and Purohit c-axis oriented and slightly shifted for Cd ratio with small grain 18.3 nm to 9.7 nm. The samples with higher Cd ratio alloy films show rock salt structure with (200) orientation.
Acharya [27] et al. examined the lattice constant and grain size of cadmium doped zinc oxide films synthesized by spray pyrolysis method. The preferential orientation of all the films has been found to be along (002) plane. The analysis revealed that all the films are of polycrystalline in nature having a hexagonal wurtzite type crystal structure and suggests that the films do not have any phase segregation. The crystalline size decreased with increase in Cd concentration. The structural parameter show a small variation like lattice constant 0.521-0.523 nm and grain size 180-58 nm as with low cadmium doping up to 5 at.%. Tarwal et al [33] . also observed hexagonal wurtzite crystal structure for low wt. % Cd doped ZnO thin films and grain size decreases from 44 nm to 33 nm and deterioration in the crystallinity with Cd wt. % in ZnO thin films.
Form the above discussion it's clear that all the film have similar crystal structure of nanocomposite, irrespective of the method adopted for preparation. However, its shows that grain size depends method, sol-gel spin coated thin film have least grain size and largest for sputtered thin films.
Optical Properties
Transparent metal oxides show interesting optical properties which play a crucial role in different application like solar cell window layer. Transmittance and absorbance of thin film directly related to band gap of nanocomposites which can be calculated by Tauc's plot method. Li et al [24] . Shows the optical transmission of ZnO:Cd films with different low wt.% Cd doping concentrations [12] . The optical transmission of all the films is over 80% in the visible region of 400-600 nm, which reveals that the films are highly transparent in the visible region. The optical band gap decreases from 3.27 to 3.16 eV, the optical absorption edge exhibits a red shift with the rise of Cd doping concentration from 0 to 30 at.%. The narrowing band gap is due to the existence of Cd impurities in the ZnO structure, which induce the formation of new recombination centres with lower eission energy. Ziabari and Ghodsi [30] reported optical properties of CdO-ZnO nanocmposites and observed transparency of thin films in visible region decreased with CdO concentration in CdO-ZnO thin films. The optical band gap of CdO-ZnO thin film decreases from 3.28 eV to 2.23 eV with increasing CdO.
Sui et al [28] . studied the effect of the Cd concentration on optical band-gap of Zn 1-x Cd x O alloy sputtered thin films, the optical characteristics of the alloy thin films were investigated by an UV-Vis-NIR spectrophotometer. The absorption spectra of the Zn 1-x Cd x O films shows the variation of the absorbance with wavelength, the sharp band-edge absorption can be observed in all the absorption spectra and suggesting that all the Zn 1-x Cd x O films have good crystal quality. The band-gap (E g ) value of Zn 1-x Cd x O is obtained from the optical absorption spectra by using Tauc's relation. The optical band-gap of the Zn 1-x Cd x O was varying from 3.24 to 2.22 eV. Kumar et al [32] . shown a small band gap can tuned 3.37-3.14 eV with lower wt. % doping of cadmium in ZnO.
Acharya et al [27] . have shows the transmittances of spray pyrolysised thin films were collected by using UV-visible spectrophotometer. It was observed that, the films were highly transparent in the visible region and the transmittance was low in the ultraviolet region. All the films exhibit around 80% transmittance in the visible region and sharp ultraviolet absorption edge corresponding to undoped film suffers significant red shift with the increase of cadmium content. The band gap energies was observed 3.25 eV to 2.94 eV for Cd:ZnO with Cd concentrations. Tarwal et al [33] . show direct allowed transition and the optical band gap energies are found in the range of 3.25-3.16 eV with increasing Cd ratio in Cd-doped ZnO thin films.
It can be noticed that all the CdO-ZnO films were highly transparent in visible for synthesis techniques. The band gap decreased as the Cd concentration increased with similar range for sol-gel and sputtering techniques but a small variation (0.31 eV) was observed for spray pyrolysis.
Electrical Properties
Most of electronic devices need minimum value of resistivity, but with transparent oxide high resistivity is always a major problem. Electronic properties of thin film can be calculated using Hall Effect and dc characterization system. Li et al [24] . analysed temperature dependent resistivity of Cd:ZnO thin films and observed semiconducting behaviour for all the thin films. The resistivity of thin films at room temperature was decreased with Cd concentration up to 10 at.%, which shows the minimum resistivity 0.0341 Ωcm. Ziabari and Ghodsi [30] discussed the behaviour of carrier concentration (n), resistivity (ρ) and carrier mobility (μ) of CdO-ZnO thin films prepared by sol-gel method [19] . The carrier concentration increases with Cd ratio up to Cd1/2:Zn1/2 and after that decreases slightly with further increase in Cd ratio. The carrier mobility increases from as increases Cd concentration.
Kumar et al [32] . discussed the resistivity of Cd (0 wt. %, 2 wt. %, 4 wt. % and 10 wt. %) doped ZnO films were prepared by sputtering method. The resistivity of the Cd doped ZnO decreased with an increase of Cd concentration, i.e. 0 wt. %, 2 wt. %, 4 wt. %. The Hall mobility and carrier concentration are simultaneously increased due to the increase of Cd concentration. Sui et al [28] . performed hall experiment at room temperature for electrical characterization of Zn 1-x Cd x O thin films and observed n-type semiconductors. The resistivity of the film decrease dramatically from 2.27×10 2 to 1.94×10 -3 Ωcm with increasing the Cd content from x=0 to 1. The Hall mobility of the films decreases exponentially from 95.18 to 5.74 cm 2 /V-s with the Cd content x increasing from x=0 to 0.5. Acharya et al [27] . analysis the resistivity measurements in ZnO and Cd:ZnO films prepared by spray pyrolysis technique and using a dc-two probe method for the temperature range from 150 K to 400 K have been carried out. All the curves demonstrate the semiconductor type of behaviour. The resistance per unit length decreased with the increase in temperature from 150 (2) Comparative Study of Synthesis of CdO-ZnO Nanocomposite Thin Films by Different Methods: A Review K up to nearly (325 K) for all prepared films. This should help in designing a particular Cd:ZnO film for its use in solar energy storage devices. In region 200-325 K, the decrease in the resistivity could be due to the thermal excitation of electrons into the conduction band. In region 326-349 K, the sharp increase in resistivity is attributed to vigorous oxygen adsorption on the film surface. In region 350-375 K, the resistivity is not much affected by the temperature change.
Conclusion
The structural, electrical and optical properties of the sol-gel, sputtering and spray pyrolysis derived CdO-ZnO nanostructured thin films prepared at different Cd content have been compared. The grain size and surface roughness of the films were increased with Cd content in sol-gel and sputtering technique but decreases in spray pyrolysis. Crystal Structure was same wurzite in all three cases. The optical analysis of the films indicates that the optical band gap depends on the Cd composition. The band gap is decreases as increases Cd content in ZnO films is all the cases but most of difference in sputtering method about 1.02 eV. Electrical measurements showed the semiconducting nature of Cd doped ZnO thin films. The resistance per unit length decreased with the increase in temperature of film prepared by spray pyrolysis. Due to these theoretical analyses of comparative investigation we have concluded that among these methods sol-gel method is best to synthesize CdO-ZnO due to its easy precursors, allowing growth of thin film with large area at low temperature, controllable thickness, desired deposition rate and good optical properties.
